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FEPORT BRIEF 

GULTON INDUSTRIES, INC. 1.25 AMPERE-HXJR 

S U D  NICKEL CADMIUM SECONDARY SPACECRAFT CELLS 

I. 

W I T H  HIGH OVERCHARGE CAPABILITES 

National  Aeronautics and Space Adminis t ra t ion Purchase 
Order Number Wll,252B 
NASA ltr BRA/VBK/pad o f  25 September 1961 w/BUWEPS first  
end FQ-1:WSK of 2 October 1961 t o  CO NAD Crane 
Prel iminary Work Statement f o r  Ba t t e ry  Evaluat ion Program 
of 25 August 1961 

TEST ASSIGNMENT BRIEF. 

A .  I n  compliance with re ferences  (a )  and ( b ) ,  eva lua t ion  of  
Gulton I n d u s t r i e s ,  Inc.  1.25 ampere-hour Secondary Spacecraf t  C e l l s  
wi th  high overcharge c a p a b i l i t i e s  was begun according t o  t h e  program 
o u t l i n e  of re ference  ( e ) ,  

B. The ob jec t  of t h i s  eva lua t ion  program i s  t o  ga the r  s p e c i f i c  
information concerning secondary spacecraf t  c e l l s .  Information 
concerning performance c h a r a c t e r i s t i c s  and l i m i t a t i o n s ,  including 
cyc le  l i f e  under var ious e l e c t r i c a l  and environmental condi t ions,  
w i l l  be of  i n t e r e s t  t o  power systems designers  and use r s .  Cell 
weaknesses, inc luding  causes of f a i l u r e  of p re sen t  designs,  w i l l  
be of  i n t e r e s t  t o  supp l i e r s  as a guide t o  product improvement. 

C .  Twenty-four 1.25 ampere-hour c e l l s  (manufacturer ' s  r a t i n g )  
were purchased from Gulton Indus t r i e s ,  Inc. ,  Metuchen, New Jersey ,  
by Nat ional  Aeronautics and Space Administration (NASA). 
t h e  c e l l s  were designed t o  have high overcharge c a p a b i l i t i e s  and 
were suppl ied  i n  overs ize  cans. 

I n t e r n a l l y ,  

11. CONCLUSIONS. 

A. From t h e  r e s u l t s  of  t h i s  t es t ,  it can be concluded t h a t :  

1. The ceramic s e a l s  of t hese  c e l l s ,  manufactured by Gulton 
I n d u s t r i e s ,  Inc . ,  are  s a t i s f a c t o r y  as evidenced by no l eake r s  out of 
t h e  24 c e l l s  t e a t e d .  

2. The capac i ty  of t h e  c e l l s  was i n  t h e  acceptable  range 
of  1.33 t o  1.80 ampere-hours. 

i 
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111. RECOMMENDATIONS. 

A. .It is recommended that these Gulton Industries, Inc. 1.25 
ampere-hour cells with high overcharge capabilities be accepted on 
the basis of the acceptance test results. 

ii 
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RESULTS OF ACCEPTANCE TESTS 

OF 

1.25 AMPERE-HOUR NICKEL CADMIUM 

SECONDARY SPACECRAFT CELLS 

MAXWACTURED BY 

GULTON INDUSTRIES, I N C .  

I. INTROD'JCTION. - 
A. On 29 November 1965, t h i s  a c t i v i t y  began acceptance t e s t s  

on 24 c e l l s .  These tes ts  were completed on 12 January 1966. 

11. TEST CONDITIONS. 

A. A l l  acceptance t e s t s  were performed a t  an ambient tempera- 
t u r e  between 23" C and 27" C at e x i s t i n g  r e l a t i v e  humidity and 
atmospheric pressure ,  and consis ted of t h e  following: 

1. Phenolphthalein Leak Tes t .  

2. Capacity Tes t .  

3. C e l l  Short  Test. 

4. Immersion Seal  Test .  

5. Overcharge T o s t .  

6. I n t e r n a l  Resistance T e s t .  

7. Immersion Seal Test .  

B. All charging and discharging was done a t  constant  cur ren t  
(+ 5 pe rcen t ) .  Ce l l s  were charged i n  s e r i e s  bu t  discharged individ-  
u a l l y .  

111. CELL IDENTIFICATION AND DESCRIPTION. __---- 

A .  The c e l l s  were i d e n t i f i e d  by t h e  m a m f a c t u r e r ' s  s e r i a l  
numbers which were from 101  t o  152 although not  consecut ively.  

B. The 1.25 ampere-hour c e l l  i s  rec tangular  i n  shape with an 
average length ,  width, and height (base t o  t h e  t o p  of  p o s i t i v e  

1 
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term-nal) ,  of  0.810 inches,  2.095 inches,  and 2.752 inches,  respec- 
t i v e l y .  The average weight is  522.6 grams, including t h e  p re s su re  
gauges and piping.  The individual  c e l l  dimensions and weights are 
given i n  Table I. 
Inc.  1 .25 ampere-hour c e l l  having high overcharge c a p a b i l i t i e s .  

Figure 1 is a photograph o f  a Gulton I n d u s t r i e s ,  

C .  The c e l l  container  o r  can i s  of  formed rather than  welded 
cons t ruc t ion  and i s  made of cold r o l l e d  steel .  The c e l l  cover i s  
made o f  s t a i n l e s s  s teel .  The p o s i t i v e  t e rmina l  i s  i n s u l a t e d  from 
t h e  c e l l  cover by a ceramic seal whereas t h e  negat ive t e rmina l  i s  
common t o  t h e  can. 
s o l d e r  t e rmina l s .  

Both terminals  protrude through t h e  cover as 

D. These c e l l s ,  r a t e d  by the  manufacturer a t  1.25 ampere-hours, 
were suppl ied i n  a discharged (each with sho r t ing  wire) condi t ion.  

I V .  TEST PROCEDURE AND RESULTS. 

A .  Phenolphthalein Leak Test:  - 
1. The phenolphthalein l e a k  t e s t  i s  a determination of  t h e  

cond i t ion  of t h e  welds and ceramic seal on r e c e i p t  of  t h e  c e l l s .  
This  t e s t  was performed with a phenolphthalein spray i n d i c a t o r  solu- 
t i o n  of  one-half o f  one percent  concentrat ion.  

a. There were no s igns of  leakage on any of  t h e  24 
c e l l s  sub jec t ed  t o  t h e  l e a k  tes t .  

B. CaDacitv Test: 

1. The capac i ty  t e s t  i s  a determination of  the c e l l  capac i ty  
a t  t h e  c/2 discharge ra te ,  where c i s  t h e  manufacturer 's  rated cap2.c- 
i t y ,  t o  a c u t o f f  vol tage of 1 .00  v o l t  pe r  c e l l .  The discharge was 
made af ter  a 1-hour open c i r c u i t  pe r iod  following t h e  16-hour charge 
a t  t h e  c/10 rate.  A t o t a l  of three capac i ty  checks were made at 
t h i s  a c t i v i t y .  The c e l l s  were discharged individua,l ly,  bu t  w?re 
recharged i n  series. 

2. Since complete capaci ty  d a t a  was not submitted by t h e  
manufacturer,  it was not possible  t o  compare t h e  msnufacturer ' s  
r e s u l t s  with those of  t h i s  a c t i v i t y .  The ind iv idua l  c e l l  capzci- 
t i e s  ranged from 1.33 t o  1.80 ampere-hours f o r  an average of 1.59 

LLLL L u y u L ~ v A L v  t cge the r  7 . 7 i t h  end 
o f  charge and en3 of discharge pressure readings a r e  t a b u l a t e d  i n .  
Table I. C h a r a c t e r i s t i c  2-hour rate discharge curves are shown in  
F igure  2. 

aI,-peL-e-hoa-s to 1.09 v a l t .  mha no1 1 n ~ n i ~ i f i  ec 
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C .  C e l l  Short  T e s t :  

1. The c e l l  s h o r t  test  i s  a means of d e t e c t i n g  s l i g h t  
s h o r t i n g  cond i t ions  which may e x i s t  because o f  imperfections i n  
t h e  i n s u l a t i n g  m3;terials or damage t o  t h e  element i n  handling or 
assembly. 

2 .  Following completion of  t h e  t h i r d  capac i ty  discharge 
t e s t ,  each i n d i v i d u a l  c e l l  was loaded with a r e s i s t o r  of  value 
g iv ing  a c / l  t o  c/5 discharge rate and allowed t o  s t and  16 hours 
with t h e  r e s i s t o r  a c t i n g  as a short ing device.  A t  t h e  end of 16 
h m r s ,  t h e  r e s i s t o r s  were removed and t h e  c e l l s  were placed on 
open c i r c u i t  s t and  f o r  24 hours. Any cell. whose vol tage d id  not 
recover t o  1 . 1 5  v o l t s  or higher was r e j e c t e d .  

3. The open c i r c u i t  c e l l  vol tages ,  24 hours a f t e r  renoval  
of t h e  s h o r t i n g  r e s i s t o r s ,  ranged from 1.17 t o  1.25 v o l t s  f o r  an 
average o f  1 .22 v o l t s .  

4. There were no rejects of  any of  t h e  cel1.s subjected t o  
The voltage values for t h e  24 accepted c e l l s  t h e  c e l l  s h o r t  t e s t .  

are shown i n  Table I. 

D. Immersion S e a l  T e s t :  - 
1. The immersion seal t e s t  i s  a means of d e t e c t i n g  leakage 

of a s e a l  or weld. The t e s t  was perforned be fo re  and a f t e r  t h e  
overcharge tes t  sequence t o  determine t h e  presence and cause of 
l e a k s .  

2 .  The c e l l s  were placed under water i n  a b e l l  jar contain3r .  
A vacuum of  23 inches of mercury WRS held for 3 minutes. Ce l l s  d i s -  
charging a s t eady  stream of biibbles were considered r e j e c t s .  

3 .  There were no re , jec t s  i n  t h e  24 c e l l s  subjected t o  t h e  
immersion seal tes t .  

E. Overcharge T e s t ;  

1. The overcharge tests were performed t o  determine t h e  
s t eady  state vol tage at spec i f i ed  r a t e s .  The t e s t  s p e c i f i e d  a series 
o f  constant  c u r r e n t  charges at c/20, c/1@ and c/5 r a t e s ,  f o r  a mini- 
mum of 48 hours a t  each charge rate or  u n t i l  t h e  inc rease  of t h e  
"on-charge" vo l t age  was less than 10 m i l l i v o l t s  pe r  day. 

2. The c e l l s  were monitored hourly tkroughout t h e  test,.  
Charging was t o  be discontinued on c e l l s  which exceeded 1.50 v o l t s  

3 
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while on charge or on any c e l l s  having i n t e r n a l  gas p re s su re  g r e a t e r  
than  100 p s i a .  There was no need t o  remove any c e l l s  from t h e  
charging sequence. 

3 .  The s teady  s t a t e  vol tage and i n t e r n a l  gas pressure  of 
each c e l l  a t  t h e  end of  each 48-hour charge r a t e  t e s t  i s  shown i n  
Table I .  C h a r a c t e r i s t i c  overcharge vol tage  curves a r e  shown i n  
Figure 3. 

F. I n t e r n a l  Resis tance Test: 

1. This  test  was performed t o  determine t h e  i n t e r n a l  r e s i s -  
t ance  of t h e  c e l l s .  

2. A t  t h e  completion o f  t h e  overcharge t e s t ;  t h e  c e l l s  
were re turned  t o  t h e  c/2J  charging r a t e  and given a shor t  pulse  
(5-10 seconds) a t  a rate of  c i n  amperes. 
immediately p r i o r  t o  t h e  pu l se ,  and V2, 5 mi l l i seconds  a f t e r  t h e  
pu l se ,  were read on a s u i t a b l e  r w o r d i n g  instrument.  A CEC high 
speed osc i l l og raph  recorder  (28.8 inches of  t ape  per second) was 
used. The i n t e r n a l  r e s i s t a n c e  o f  t h e  c e l l  i n  ohms was ca lcu la ted  
according t o  t h e  following formula: 

The c e l l  vo l tages ,  V1, 

- v2 - v1 R =  
I C  - IC120 

V1 and V2 a r e  i n  v o l t s ,  IC and Ic/20 a r e  i n  amperes. 

3. The i n t e r n a l  r e s i s t a n c e  value far each c e l l  i s  shown i n  
Table I. The values  range from Q.21 t o  25.26 mill iohms. 

4 
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FIGURE 1 
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